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1.0 Introduction 


The City of Waterloo (City) has retained Stantec Consulting to complete the Waterloo Sanitary 
Servicing Master Plan (Master Plan). The purpose of the Master Plan is to provide an update to 
the 2002 City Wide Sanitary Sewer System Update — Master Plan (WSSS) (AECOM, 2002) to 
account for updated population and employment growth projections up to a 2031 planning 
horizon. Priority and strategic projects will be evaluated to efficiently and effectively continue to 
operate the system, implement best management practices (including Infiltration/Inflow (1/1) 
monitoring and mitigation approaches), and optimize staging of the sanitary capital program. 


The following tasks will be carried out for the completion of the Master Plan: 


e Task 1: GIS Sanitary Quality Control and Field Verification 

e Task 2: Hydraulic Needs Assessment 

e Task 3: Hydraulic Model Benefit/Cost Analysis 

e Task 4: Hydraulic Model Development, Train, and Implement 
e Task 5: Flow Monitoring and Inflow/Infiltration 

e Task 6: Public Consultation 

e Task 7: Master Plan 


Task 1 includes data review and validation of the existing sanitary system and the development 
of a current state geodatabase for model input. Data provided for Task 1 includes physical 
attributes required for hydraulic modeling and surface area data to support model loading. 
Additional information will be required for the development of the model, including information 
regarding existing sanitary flows, population planning data, flow monitoring data, and pump 
station monitoring data. This time varying data information is related to determining flow rates 
and calibrating the model. An overview of time-varying data is provided in this memo, however, 
it will be addressed in greater detail as the model development progresses and more 
information is available. 


The purpose of this memo is to summarize and document the review of data for use in 
developing a model for the sanitary collection system and to complete quality enhancements to 
the sanitary GIS data. The review includes two forms: gap assessment, and data confidence for 
model application. The data review was undertaken in GIS in both ESRI ArcMap and hydraulic 
modeling software utilizing their built-in analysis tools. The sewer data provided from the City 
was provided in a geodatabase format that was subsequently converted into individual 
shapefiles for transfer to the modeling environment. 
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2.0 Data Gap Assessment 


2.1 PHYSICAL ASSET DATA 
2.1.1 Data Inventory 
The following physical asset data was received from the City: 


e Manholes 

e Gravity Mains 

e Pressurized Mains 

e Control Valves 

e Network Structures (Pump Stations) 


2.1.1.1 Manholes 


The manhole shapefile contains a number of attribute fields to define physical parameters and 
provide additional relevant information. For the purposes of hydraulic modeling, the most 
important manhole attribute is the top of manhole elevation. It can be noted that the attribute 
fields included in the manhole shapefile also indicate locations of drop structures. This 
information is useful for reference in the confirmation of pipe profile alignments. Drops across 
manholes could indicate inconsistent profiles, in which case the location will be identified and 
reviewed through the data verification process. 


Based on the data provided, there are 6,511 manholes in the City’s sanitary geodatabase. This 
includes active, proposed, private, temporary, and abandoned manholes. A summary of the 
relevant attribute fields for manholes and the initial gap assessment is provided in Table 1. 


Table 1: Overview and Initial Assessment of Manhole Data 


MXASSETNUM Unique identifier, corresponds Numeric ID 498 blanks, no duplicates 
with the Maximo ID (8%) 

ENTNAME Former unique identifier, manhole | Letter/Numeric ID | N/A 
reference name 


TOPOFMANHO Top of manhole elevation (mASL 638 blanks (10%) 


TOPOFMH Top of manhole elevation Numeric Entry 696 blanks, 11 “111.111” 
(mASL), considered to be more entries indicating the asset 
accurate between the two exists but must be field 
manhole elevation fields verified (11%) 


POSITION Description indicating the quality Text Entry N/A 
of the source position (x,y) data 
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As MXASSETNUM is the unique identifier for manholes, it is important for this field to be 
populated to import data into modeling software, track attribute updates, and transfer 
information between Stantec and the City. In the case of private or proposed manholes, an ID is 
not required for updates to the existing state geodatabase. Manholes missing entries for 
MXASSETNUM were reviewed to determine if an ID must be populated. Review of the blank 
MXASSETNUM fields indicates that of the active manholes, six will require IDs to be generated. 
The remaining blank fields correspond to private, temporary, or proposed manholes. 


Entries for TOPOFMH fields are important for completing hydraulic modeling and assessing the 
impact of potential surcharges in the sanitary system. Blank entries for these fields will be 
generated based on the methodology for data correction and gap closure described in Section 
4. 


2.1.1.2 Gravity Mains 


The gravity mains shapefile contains a number of attribute fields to define physical parameters 
and provide additional relevant information. For the purposes of hydraulic modeling, the most 
important attributes for gravity mains are upstream manhole, downstream manhole, slope, 
upstream invert, downstream invert, diameter, and length. It can be noted that based on the 
data provided, there are 6,921 gravity mains in the City's sanitary geodatabase. This includes 
active, proposed, private, temporary, and abandoned gravity mains. 


A summary of the relevant attribute fields for gravity mains and the initial gap assessment is 
provided in Table 2. 


Table 2: Overview and Initial Assessment of Gravity Main Data 
MXASSETNUM Unique identifier, corresponds | Numeric ID 568 blanks, 19 duplicates 
with the Maximo ID (8%) 

ENTID Former unique identifier, pipe | Numeric ID N/A 
reference name 


ENTNAME Upstream and downstream Letter/Numeric IDs N/A 
manhole reference (based on | for upstream and 
Manhole ENTNAME field) downstream manhole 
ENTNAME 


FROMMH Upstream manhole reference | Letter/Numeric ID 588 blanks (8%) 
based on manhole 
ENTNAME 

TOMH Downstream manhole Letter/Numeric ID 583 blanks (8%) 
reference based on manhole 
ENTNAME 


UPSTREAMIN Upstream invert elevation Numeric Entry 486 blanks, 147 “111.111” 
(mASL) entries indicating the asset 
exists but must be field 
verified (996) 
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DOWNSTREAM Downstream invert elevation Numeric Entry 484 blanks, 140 “111.111” 
(mASL) entries indicating the asset 
exists but must be field 
verified (9%) 


SHAPE Leng Pipe length (m) Numeric Entry No blanks, 31 pipes with a 
length less than 5 m (<1%) 


SLOPE Pipe slope (96) calculated Numeric Entry 535 blanks, 154 “111.111” 
based on upstream invert, entries indicating the asset 
downstream invert, and exists but must be field 
length. verified, 365 slopes 

indicating anomalies (15%) 

DIAMETER Pipe diameter (mm) Numeric Entry 88 blanks, 92 “111.111” 
entries indicating the asset 
exists but must be field 
verified (3%) 

POSITION Description indicating the Text Entry N/A 
quality of the source position 
(x,y) data 





As noted in the review of the manhole data, it is important for the MKASSETNUM field to be 
populated for the gravity mains to import data into modeling software, track attribute updates, 
and transfer information between Stantec and the City. It is also important that these values are 
unique with no duplications. In the case of private or inactive (proposed or abandoned) gravity 
mains, an ID is not required for updates to the existing state geodatabase. Gravity mains with 
missing or duplicate entries for MKASSETNUM were reviewed to determine if an ID must be 
populated. Review of the blank MXASSETNUM fields indicates that of the active gravity mains, 
46 will require IDs to be generated. The remaining blank or duplicate fields correspond to 
private, abandoned, temporary, or proposed gravity mains, of which some may be required for 
modeling. 


Entries for FROMMH, TOMH, UPSTREAMIN, DOWNSTREAM, and DIAMETER fields are 
important for completing hydraulic modeling and assessing the capacity of the sanitary sewers. 
Blank entries for these fields will be generated based on the methodology for data correction 
and gap closure described in Section 4. Fields such as SHAPE Leng and SLOPE are also 
important for modeling; however, they can be determined based on known information and GIS 
tools if the FROMMH, TOMH, UPSTREAMIN, and DOWNSTREAM fields are populated. The 
entries in the geodatabase for SHAPE Leng and SLOPE were also of importance for validating 
geodata. Discrepancies between automatically populated values and the geodatabase entries 
were used to help identify connectivity errors that may be problematic when developing the 
model. 
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2.1.2  Pressurized Mains 


The pressurized main (forcemain) shapefile contains a number of attribute fields to define 
physical parameters and provide additional relevant information. For the purposes of hydraulic 
modeling, the most important attributes for pressurized mains are upstream invert, downstream 
invert, diameter, length, and material. It can be noted that based on the data provided, there are 
currently 42 pressurized mains in the City's sanitary geodatabase. This includes active, 
proposed, private, temporary, and abandoned pressurized mains. 


A summary of the relevant attribute fields for pressurized mains and the initial gap assessment 
is provided in Table 3. 


Table 3: Overview and Initial Assessment of Pressurized Main Data 


MXASSETNUM Unique identifier, corresponds | Numeric ID 5 blanks, no duplicates 
with the Maximo ID (1296) 

UPSTREAMIN Upstream invert elevation Numeric Entry 42 blank (100%, all fields) 
(mASL) 

DOWNSTREAMIN | Downstream invert elevation Numeric Entry 41 blanks (989^, one field 
(mASL) populated) 


DIAMETER Pipe diameter (mm) Numeric Entry 1 blank (2%) 
MATERIAL Description of pipe material Text Entry 13 blanks (3196) 
SHAPE Leng Pipe length (m) Numeric Entry No blanks (096) 


POSITION Description indicating the Text Entry N/A 
quality of the source position 
(x,y) data 


Blank entries for pressure main MKASSETNUM fields were reviewed and two of these entries 
will require IDs to be generated. The remaining three blank entries correspond to private or 
abandoned pressure mains. 





Entries for UPSTREAMIN, DOWNSTREAMIN, DIAMETER, and MATERIAL are important for 
completing hydraulic modeling and assessing the capacity of the forcemains. Blank entries for 
these fields will be generated based on the Data Validation methodology described in Section 3. 
As mentioned in Section 2.1.1.2, fields such as SHAPE Leng are beneficial to identify potential 
connectivity errors in the geodatabase. 


2.1.3 Control Valves 


Control valves in a sanitary collection system are typically related to the operation of pump 
stations and pressurized mains. In some applications, control valves are used on gravity mains 
to direct or split flow. The City has provided information regarding control valves; however, this 
data is not generally required for the purposes of the hydraulic model. The data files will be 
One Team. Infinite Solutions. 
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referred to for background information, however, a data gap assessment and data validation is 
not required at this time. 


2.1.4 Network Structures (Pump Stations) 


The Network Structures shapefile contains a number of attribute fields to provide relevant 
information. The majority of the physical parameters required for hydraulic modeling are not 
included, however, the shapefile provides a description of the network structure (ENTNAME) 
and a description indicating the quality of the source position (x,y) data (POSITION). 


Additional information regarding the pump stations has been provided to collect data that may 
be beneficial for hydraulic modeling. The extent of the data required is dependent on the 
preferred approach for model development, which will be determined in subsequent tasks of the 
Master Plan. The currently available information and data source for network structures that 
have been collected are summarized in Table 4. Additional information will be gathered as 
required based on the hydraulic model needs. 


Table 4: Overview of Network Structure Data 


(Fame |] Oma Û maso _ 


Pump Station Capacity 114 L/s Beaver Creek Sewage Pumping 
Station and Forcemain Capacity and 
Condition Assessment (Gamsby and 
Mannerow Limited, 2012) 


Colonial SPS 


Wet Well Dimensions (length/width) | Information Not Currently Information Not Currently Available 
Available 

Wet Well Floor Elevation Information Not Currently Information Not Currently Available 
Available 

Influent Sewer Invert Elevation Information Not Currently Information Not Currently Available 
Available 


Pump Station Capacity 225 L/s (To Be Verified) Certificate of Approval 
Bridgeport SPS 


Wet Well Dimensions (length/width) | Information Not Currently Information Not Currently Available 
Available 

Wet Well Floor Elevation Information Not Currently Information Not Currently Available 
Available 

Influent Sewer Invert Elevation Information Not Currently Information Not Currently Available 
Available 
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Parameter | at 
Pump Station Capacity 


Wet Well Floor Elevation 
Influent Sewer Invert Elevation 


Pump Station Capacity 


205 L/s Certificate of Approval 
Frobisher SPS 
Wet Well Dimensions (length/width) Certificate of Approval 


Information Not Currently Information Not Currently Available 
Available 


Malabar SPS 


2.4 m diameter 
310 mASL (Design Value) 


Wet Well Dimensions (length/width) 
Wet Well Floor Elevation 


Influent Sewer Invert Elevation 


311.5 mASL (Design Value) 


Certificate of Approval 


Malabar Sewage Pumping Station 
Capacity Design (MTE Consulting Inc., 
1989) 


Malabar Sewage Pumping Station 
Capacity Design (MTE Consulting Inc., 
1989) 





Wet Well Dimensions (length/width) | 5m/3.5m Certificate of Approval 


Wet Well Floor Elevation 


Influent Sewer Invert Elevation 


318.5 m (Design Value) 


313.25 (Design Value) 


Millennium Park Sewage Pumping 
Station and Forcemain Design Brief 
(Stantec, 2000) 


Millennium Park Sewage Pumping 
Station and Forcemain Design Brief 





Pump Station Capacity 109 L/s (To Be Verified) 


(Stantec, 2000) 


Certificate of Approval 


Northlands SPS 
Wet Well Dimensions (length/width) 


3.5 m / 3.5 m (Cell 1) 


3.5 m / 3.5 m (Cell 2) 


(Design Values) 


Tender Drawings (P1.1) (MTE, 2011) 





Wet Well Floor Elevation 321.2 mASL (Design Value) Tender Drawings (P1.3) (MTE, 2011) 
Influent Sewer Invert Elevation 324.2 mASL (Design Value) Tender Drawings (P1.3) (MTE, 2011) 


Pump Station Capacity 63 L/s (Design Value) Design Brief: Northland Sewage 
pumping Station (MTE, 2011) 
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2.2 DRAINAGE AREA DATA 
2.2.1 Data Inventory 
The following drainage area data was received from the City: 


e Sewershed Areas (“ssCatchmentArea”); and 
e Subcatchment Areas (XPSWM SubcatchmentAreas") 


2.2.2 Sewershed Areas 


The "ssCatchmentArea" contains attribute fields for name, length, and area and represent the 
City Wide Sanitary Sewer System Update — Master Plan (WSSS) (AECOM, 2002) delineated 
trunk and pump station sewershed boundaries. Figure 1 illustrates the sewershed areas 
provided. 


A review of the provided information reveals that some system sewers are not assigned to a 
sewershed (Central Laurel, William Street, new development), or in the case of the area 
southwest of Columbia Street and Erbsville Road, the sewers are incorrectly identified as part of 
the Clair Trunk when they flow northerly via Willowood to the Beaver Creek PS. In addition, 
once received, external sewershed contributions from Kitchener, Woolwich, and Regional 
facilities will be incorporated into the final existing state sewershed boundaries. 


2.2.3 | Subcatchment Areas 


Subcatchment areas were developed as part of the trunk model development in XP-SWMM for 
the WSSS (AECOM, 2002). As part of this study, subcatchment areas will be redefined to reflect 
recent changes and new development in the City. In addition, it can be noted that the 
subcatchment delineation is currently at a coarse level, which will be re-evaluated as part of the 
Master Plan and model needs assessment. The subcatchment area shapefile contains multiple 
attribute fields to define physical parameters and provide additional relevant information and will 
only be used as reference in the current study. The subcatchment areas provided are illustrated 
in Figure 2. 
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3.0 Data Validation 


Data validation is the process of confirming the hydraulic continuity and suitability of physical 
sewer data in terms of profile connectivity. Most modern modeling software packages include 
routines and queries to help perform validations. The following section summarizes the initial 
data validation exercise. 


3.1 CONNECTIVITY REVIEW 


Unique manhole IDs are critical in modeling software to provide identification for both nodes and 
conduits. As indicated in Section 2.1.1.1, the MXASSETNUM field is to be used as the unique 
identifier; therefore, IDs were assigned for the six active manholes with blank entries for this 
field prior to importing data (STAN1 through STAN6). For the purposes of modeling, three (3) 
dummy nodes were added to represent outfalls for conduits in the City Existing State 
geodatabase. These nodes were also assigned dummy MXASSETNUMSs to allow the conduits 
to be properly imported for the connectivity review (STAN7 through STAN9). Table 5 
summarizes the identifiers temporarily assigned to manholes/nodes that are missing 
MXASSETNUMS or were added for the purposes of modeling. It can be noted that although 
STAN1, STAN2, and STANS are active manholes and were assigned IDs as part of the 
connectivity review, they are owned by the City of Kitchener. 


Table 5: Summary of Missing Unique Identifiers for Active Manhole 


TM1 


It was also noted in the connectivity review that the “To Manhole” and “From Manhole” fields In 
the geodatabase for gravity mains were based on the old unique identifiers ENTNAME, rather 
than MXASSETNUM. A correlation between the ENTNAME and MXASSETNUM fields was 
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completed in Excel to correct the discrepancy. The MXASSETNUM field for gravity mains was 
not generated for the blank fields at this time. 


An initial connectivity review was completed by identifying isolated sections of the network and 
making corrections in cases where data was not connected correctly or ‘To/From’ references 
were mislabeled. 


Typical connectivity issues include the following errors: 


e Duplicate or blank manhole ENTNAME fields in the geodatabase that caused errors in 
the correlation between ENTNAME and MXASSETNUM 

e "To Manholes" and "From Manhole" specifying connectivity that did not match the 
conduit geospatial location, or mislabeled 'To/From' references 

e Manholes with no connecting conduits 

e Isolated areas of the network that do not have downstream connectivity data indicating 
where flow is directed (I.e. Kiwanis, Conservation Drive, etc.). 


All corrections made as part of the connectivity review were flagged as CC (Connectivity 
Correction) for each asset. Corrections to connectivity were not made in cases where additional 
follow up was required to confirm connectivity or how flow is directed in the system such as the 
following (refer to Figure 3): 


e Sewer network west of Woolwich St between Sunbridge Cres. and Hawkswood Dr. 

e Sewer on Conservation Dr. near the intersection with Roy Schmidt Rd. 

e Sewer on Weber St near the intersection with Roger St. 

e Sewer east of Fischer Hallman Rd. near the intersection with Laurelwood Dr. 

e Manholes 10158, 12452, and 14747 which are currently disconnected from the collection 
system 


The Kiwanis neighbourhood was also disconnected from the collection system and indicated 
significant data gaps; however, this area is located in the City of Kitchener. At this time, all 
infrastructure in this area was removed from the data set and it is recommended that a point 
load be used to represent flow from this area that is directed into the Waterloo sanitary system 
via the Falconridge PS. This will allow resources to be better used to close data gaps specific to 
the City of Waterloo infrastructure. SCADA data with historical flows from Falconbridge SPS will 
be required to accurately define this point load. 


One Team. Infinite Solutions. 
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3.1.1 Profile Data Review 


Manhole and gravity sewer data was reviewed to identify gaps or potential errors that impact the 
profiles of the sanitary sewer. Missing pipe inverts, pipe diameters, and manhole elevations 
were reviewed in the context of the location and pipe diameter and are illustrated in Figure 4. 


As indicated in Figure 4, clustered areas of missing data occur at the outskirts of the City. These 
are areas of recent or new development that may currently be in construction, As-Recorded 
drawings may be unavailable at this time, or data still needs to be transferred from As-Recorded 
drawings to the geodatabase. Additional locations with missing data are dispersed throughout 
the City, some occurring in small clusters, and some representing isolated data gaps. 


In addition to missing elevations, conduit profile data was reviewed to identify: 


e Bifurcation (i.e. flow split); 

e Inconsistent profiles; 

e Adverse (negative) or flat conduit slopes; and 
e Conduits above the ground. 


An important aspect of understanding the system hydraulics and connectivity is identifying how 
the many bifurcation (or flow split) locations operate. There are several location where multiple 
pipes discharge from the same manhole, particularly in the older parts of the collection system. 
These were historically designed to reduce the number of separate manholes needed, and often 
included specific benching, isolation measures, or pipe offsets within the manhole to direct flows 
in a primary location. As part of the data review, 114 locations were identified where incoming 
flow would possibly flow into two downstream sewers. The level of impact resulting from 
bifurcation locations is dependent on location and size of tributary drainage area. 


Inconsistent profiles indicate sewers where the downstream invert (DOWNSTREAMIN) of the 
conduit upstream of a given manhole is lower than the upstream invert (UPSTREAMIN) of the 
conduit downstream of the same manhole (refer to Figure 5). In these cases, the manhole must 
surcharge in order for flow to be conveyed to the downstream sewer. Adverse or flat slopes also 
create circumstances in which sewers and/or manholes must surcharge in order to convey flow 
to the downstream sewer. Often, these cases represent an error in the data and impact the 
assessment of the sewer capacities. 


One Team. Infinite Solutions. 
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Conduits flagged as having potential profile data errors and locations of bifurcation were also 
reviewed in the context of pipe diameter and the missing data described above. Figure 6 
illustrates the potential profile data errors. 


As shown in Figure 6, some potential profile errors are related to missing data. The remaining 
are cases in which data has been input and is suspect. An initial review of trunk sewers (based 
on the categorization indicated in the WSSS (AECOM, 2002)), was completed to plot individual 
profiles to review missing data and potential profile data errors. Trunk profiles are provided in 
Appendix A for reference. 


A summary of the missing data, potential profile errors, and locations of bifurcation throughout 
the sanitary system are provided in Table 6. Note that Table 6 summarizes information for 
active infrastructure only; proposed, private, temporary, or abandoned infrastructure was not 
included. 


Table 6: Summary of Missing Data and Potential Concerns 


Parameter Structure Number of Number бт valdes Percent 
Type Manholes Error 
Elevation = Zero 5,953 341 5.7% 
Paramet Structure Number of Number of Percent 
Type Manholes Uncertain Values Uncertain 
Bifurcation - Split Flow All 5,953 114 1.9% 
Structure Number of Missing Percent 
Parameter Type Number of Lines or Zero Values Missing 


Po anapi THERE IS NO SHAPE DATA - ASSUME CIRCULAR 


Upstream Invert 6,234 205 3.3% 
Downstream Invert 6,234 202 3.2% 
Structure : Number of Percent 
Parameter Number of Lines i . 
Type Uncertain Values Uncertain 
Lifecycle = Blank All 6,234 126 2.0% 
Adverse Slope All 6,234 6 1.1% 


Flat Slope АП 6,234 232 3.7% 
Connectivity - SubNetworks 6,234 оов 0.1% 


Connectivity - GIS Length 6,234 31 0.5% 
Mismatch 


One Team. Infinite Solutions. 
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Connectivity - Missing : 


Invert Above Ground 6,234 337 5.4% 


Above Ground 6,234 518 8.3% 
Inconsistent Profile 6,234 386 6.2% 





Sofflt Above Ground 6,234 423 


In general, there are few missing or zero data entries in total, and a fairly low percentage of 
uncertain data points. However, given the size of the sewer portfolio, data uncertainties still 
represent a significant effort for confirmation and/or rectification. 


One Team. Infinite Solutions. 
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4.0 Quality Control Plan 


Strategic correction and gap closure is required in order to proceed with the Master Planning 
process. The following outlines a proposed draft Quality Control Plan for conducting data 
corrections and gap closures on the City's Existing State geodatabase. An overview of the 
recommended approach is provided to prioritize, correct, and populate data for both the short- 
term need of the Master Plan, along with the long-term goal of a complete geodatabase update. 


4.1 METHODOLOGY FOR DATA CORRECTIONS AND GAP CLOSURE 


The long-term objective is to achieve as accurate a geodatabase as is possible, eliminating all 
uncertainties and gaps and maintaining the data as additions/changes are made to City 
infrastructure. However, given the number of uncertainties, inconsistencies and gaps within the 
City's Existing State geodatabase, a significant effort will be required to meet this end. Due to 
timing and budgetary constraints, a functional short-term goal is to update the Existing State 
geodata to reasonably represent the collection system in a hydraulic model for the purposes of 
Master Planning, while still identifying the need and plan for future data updates. 


Data corrections and gap closures are typically completed by: 


e Inferring data based on the surrounding network 
e Obtaining information from available Engineering drawings 
e Measuring data from topographic survey 


It is proposed that available Engineering drawings be used to verify data for areas that are 
considered a higher priority. If required, field work will be completed where feasible in higher 
priority areas where gaps or inconsistencies still exist after the drawing review has been 
completed. In lower priority areas or high priority areas where field work or drawing verification 
is not feasible, data will be inferred based on the surrounding network. 


4.1.1 Prioritization for Data Verification 
4.1.1.1 Sewer Prioritization 


Sewers in the City's collection system were reviewed and categorized as trunk, subtrunk, or 
local sewers. Figure 7 illustrates the category assigned for each sewer. 


Trunk sewers were identified based on a review of the WSSS (AECOM, 2002) and the Subtype 
coding provided in the 'City Existing State' geodatabase. Areas of discrepancies were noted 
between the two sources and minor adjustments were made based on our review of the 
surrounding network. The trunk categorization was based primarily on how the system operates 
rather than pre-defined criteria such as pipe diameter. 


One Team. Infinite Solutions. 
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Subtrunk sewers were identified as those with a diameter of equal to or greater than 250 mm 
(1196 of sewer system). Although 250 mm is not a large diameter, it provided a reasonable 
representation of the subtrunk sewers in the context of the City's collection system. The 
remaining sewers (pipes with a diameter less than 250 mm), were categorized as local sewers 
and represent approximately 7496 of the overall sewer system. 


The data gaps/uncertainties were initially reviewed based on the assigned sewer categories. 
Inherently, trunk sewers are critical to the collection system, as they have the potential to impact 
significant areas of the City. Therefore, missing/suspect data for trunk sewers were considered 
a high priority for review (Priority 1). Missing/suspect data for sub-trunk sewers were the next 
highest priority (Priority 2), and missing/suspect data for local sewers were assigned the lowest 
priority (Priority 3). 


The initial review indicated a large number of data gaps and uncertainties for trunk and sub- 
trunk sewers (Priority 1 and Priority 2 infrastructure). As a result, a refined review was 
completed for Priority 1 and Priority 2 infrastructure to determine areas where data verification 
would be more beneficial. For example, if multiple adjacent sewers are missing invert 
information, drawing verification may be beneficial to evaluate system performance in this area 
with a reasonable level of confidence. This area would be assigned a higher priority. 
Alternatively, suspect data could be the result of a transcription error and could easily be 
reconciled based on the surrounding infrastructure. This area would be assigned a lower 
priority. Incorporating the results of the refined review resulted in the following categories for 
data verification: 


e Priority 1A — Missing/suspect data for trunk sewer where data verification is a higher 
priority 

e Priority 1B — Missing/suspect data for trunk sewer where data verification is a lower 
priority 

e Priority 2A — Missing/suspect data for a subtrunk sewer where data verification is a 
higher priority 

e Priority 2 — Missing/suspect data for a subtrunk sewer where data verification is a lower 
priority 

e Priority 3 — Missing/suspect data for local sewer 


Figure 8 and Figure 9 provide an overview of higher priority and lower priority infrastructure for 
Priority 1 and Priority 2 missing/suspect data, respectively. 


One Team. Infinite Solutions. 
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4.1.1.3 Sewershed Prioritization 


Sewersheds are defined based on how flow is routed through the collection system. The initial 
sewershed review indicated that updates were required to account for recent development and 
infrastructure data that has been incorporated into the geodatabase since the WSSS (AECOM, 
2002). In addition, further refinement was introduced to represent the tributary drainage to each 
pump station. Figure 10 illustrates the sewersheds that were provided based on the WSSS 
(2002) and the revised sewersheds now proposed for the Master Plan. Additional revisions may 
be completed for sewersheds as data verification for the Master Plan is completed. Corrections 
to sewer inverts or confirmation of flow routing at bifurcation locations may impact the 
sewershed definitions. 


The revised sewersheds were prioritized to provide additional considerations for optimizing the 
use of resources for data verification. A higher priority was assigned to sewershed where there 
is expected to be a significant increase in future flows. Priorities were assigned based on: 


e Preliminary development information (2011-2014 Staging and Development Program, 
April 2011) 

e Intensification areas 

e Potential locations receiving external flows in the future 


Figure 11 illustrates the sewershed priorities. These priorities will be used in conjunction with 
the sewer priorities to optimize the allocation of resources. 


4.1.2 Data Extent 


The City's geodatabase is constantly being updated and for new development, there is a lag 
between sewer construction and receipt of as-recorded drawings and subsequent update in 
GIS. Therefore, several gaps are associated with new development. Here, it is understood that 
this information complete with reliable topographically surveyed data will eventually be provided, 
therefore for the Master Plan it is recommended that this infrastructure be excluded from the 
gap closure exercise to focus on areas of greater importance. Flows generated from these 
areas will be represented as a point load where the areas connect to existing infrastructure. 


The same approach is recommended for areas in the City of Kitchener, such as the Kiwanis 
neighbourhood, that impact Waterloo's collection system but are not located within the City. By 
excluding areas that are not in the City of Waterloo and newer areas that are highly unlikely to 
have capacity constraints, resources can be focused on confirming data and closing gaps in 
more critical areas of the collection system, such as trunk sewers, subtrunk sewers, and older 
sewers subject to intensification. Proposed areas to be excluded in the initial modeling are 
illustrated in Figure 12. 


One Team. Infinite Solutions. 
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4.1.4 Data Verification for Manholes 
4.1.4.1 Ground Elevations 


Missing top of manhole elevations can be initially estimated based on contour elevations, unless 
doing so would create a profile error. Although there may be some small discrepancies between 
contour elevations and the finished grade of the manholes, the difference is considered 
acceptable for the purpose of developing a hydraulic model for capacity assessments. 


4.1.4.2 Bifurcation 


Locations of bifurcation were reviewed based on the upstream collection area. Bifurcations were 
flagged as high, moderate, or low priority levels for follow up. There was some uncertainty in the 
level of impact for bifurcation locations in the older areas of the collection system, such as the 
Laurel2 and William sewersheds, due to the degree of pipe interconnectivity. As a result, the 
extent of the upstream collection areas cannot be definitively defined. 


Figure 13 illustrates the priorities assigned for bifurcation locations. Overall, the majority of the 
bifurcation locations were identified as low priority for follow-up. The upstream collection areas 
were small and would impact small localized areas. Approximately 10 locations were identified 
as moderate priorities as a result of larger collection areas or the potential to impact flows in 
trunk sewers. Five (5) locations were identified as high priority for follow-up. The routing of flow 
at these five locations will significantly impact the collection system based on large upstream 
collection areas, conveying flow through trunk sewers, and conveying flow between 
sewersheds. 


4.1.5 Data Verification for Sewers 


Data verification will be completed for sewers primarily based on sewer prioritizations. 
Consideration for sewershed priorities will be used to determine the sequence of review for 
infrastructure within the same sewer priority. 


Data verification for Priority 1 infrastructure will begin with a review of available engineering 
drawings. If required, field work will be completed after the drawing review for remaining missing 
and suspect data where possible. In some cases, it may not be feasible to verify data based on 
field investigation without confined space entry. Confined space entry will be required if the 
depth of sewer is greater than the survey rod or the sewer connections are not visible with a 
camera pole. If data verification is not feasible through drawing review or field work, data will be 
inferred. It is estimated that the majority of the allocated resources for drawing review and field 
work will be used to verify missing/suspect data for Priority 1 infrastructure. 


One Team. Infinite Solutions. 
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Stantec 

WATERLOO SANITARY SERVICING MASTER PLAN TECHNICAL MEMORANDUM NO. 1: 
EXISTING STATE GEODATABASE 

October 9, 2013 


Data verification for Priority 2 infrastructure will primarily include inferring data based on the 
surrounding network. If there are allocated resources remaining after missing and suspect data 
are verified for Priority 1 infrastructure, it is proposed that drawings be reviewed for Priority 2A 
infrastructure. As described in Section 4.1.1.1, Priority 2A infrastructures are areas where it 
would be more difficult to infer data and maintain a reasonable level of confidence. 


Data verification for Priority 3 infrastructure will include inferring data as required based on the 
surrounding network. These are considered to have small areas of impact on the overall 
system, and inferred data can be field or drawing verified in the future as the City progresses 
toward its goal for a complete geodatabase update. The extent to which data will be inferred for 
Priority 3 infrastructure is dependent on the model needs. Only sewers that are to be included in 
the hydraulic model will require data verification for the purposes of the Master Plan. For 
example, if a trunk level model is preferred, all local sewers will be excluded from the model and 
no data will need to be inferred for Priority 3 infrastructure. Alternatively, if an all pipe model is 
preferred, all local sewers will be included in the model and all missing/suspect data will need to 
be inferred for Priority 3 infrastructure. 


4.2 METHODOLOGY FOR DATA UPDATES 


For transparency and ease of cross-checking, all revised data will be coded in a new series of 
fields to distinguish what is recommended for change versus the original data. This will allow the 
City an opportunity to agree, disagree, and/or modify the recommendations made by Stantec. 
Table 7 summarizes the proposed fields to be added to the geodatabase. 


Table 7: Proposed Geodatabase Fields for Documenting Updates 
MP13 Loc Master Plan 2013 Location Indicate if the spatial position of a manhole 
Change or pipe has been updated. 
MP13 XYPos Master Plan 2013 Position Indicate how the location of a pipe or 
Change manhole was updated (i.e. GPS, Total 
Station, Engineering Drawings, etc.) 
MP13 ZAcc Master Plan 2013 Accuracy Indicate how z values were updated (i.e. field 
verified, interpolated, etc.) 


MP13 Uplinv Master Plan 2013 Upstream Indicate the updated upstream invert 
Invert Change 

MP13 UplInvS Master Plan 2013 Upstream Invert | Indicate the source of the upstream invert 
Data Source data 

MP13 Dowln Master Plan 2013 Downstream Indicate the updated downstream invert 
Invert Change 

MP13 DSInvS Master Plan 2013 Upstream Invert | Indicate the source of the downstream invert 
Data Source data 





One Team. Infinite Solutions. 
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WATERLOO SANITARY SERVICING MASTER PLAN TECHNICAL MEMORANDUM NO. 1: 
EXISTING STATE GEODATABASE 
October 9, 2013 


MP13 Diam Master Plan 2013 Diameter Indicate the updated pipe diameter 
Change 

MP13 DiamS Master Plan 2013 Diameter Data Indicate the source of the pipe diameter 
Source 


MP13 FlVer Master Plan 2013 Field Verified Indicate all manholes and pipes that have 
been field verified, even if no attributes are 
updated. 

MP13 ToMH Master Plan 2013 From Manhole Indicate the new upstream manhole 

Change 


MP13 FromMH Master Plan 2013 To Manhole Indicate the new downstream manhole 
Change 
MP13 TopMH Master Plan 2013 Top of Manhole | Indicate new top of manhole 
Change 
MP13 TopMHS Master Plan 2013 Top of Manhole | Indicate source of top of manhole 
Source 
MP13 Notes Master Plan 2013 Notes Indicate any other information that may be 
useful when transferring data between 
Stantec and the City. 


Data Source Codes: AR - as recorded drawing; AD - as designed drawing; FD - field measured by dip; 
FS - field measured by survey rod; IF - inferred based on surrounding infrastructure; TV - from CCTV 
measurement; OT - other, clarify in notes; EX - no change to existing geodata 





Recommendations are to be provided to the City for a single sewershed area to allow an 
opportunity to review and integrate the data for one area and confirm this is the preferred 
approach. If the initial data transfer is successful, recommendations are to be provided for the 
remaining network using the same approach. If the initial transfer is unsuccessful, Stantec will 
discuss potential modifications to the methodology with City staff to improve the integration of 
data. 


Upon completion of data integration, an updated geodatabase, referred to as the Current State 
geodatabase, will be issued to Stantec. The Current State geodatabase will be used for 
developing a hydraulic model in accordance with Task 4. 


One Team. Infinite Solutions. 
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